Uveitis is considered a rare complication of leptospirosis. This report describes an epidemic of uveitis among patients with leptospirosis and provides data, using polymerase chain reaction (PCR) amplification of Leptospira DNA, that the pathogenesis is associated with anterior chamber spirochetes. Forty-six uveitis patients, 49 uveitis controls, and 54 cataract controls were enrolled at Aravind Eye Hospital (Madurai, India). Leptospiral DNA was detected by PCR of aqueous humor; serum antibody titers were determined by ELISA and microagglutination (MAT). Thirty-seven uveitis patients (80%) demonstrated leptospiral DNA compared with 5 controls (8%; P õ .001). Thirty-three uveitis patients (72%) had positive serology compared with 10 uveitis controls (20%) and 13 cataract controls (24%; P õ .001). This report describes the largest cluster of patients with leptospiral uveitis and identifies six clinical characteristics that provide a diagnostic profile for leptospiral uveitis. This profile will be important for determining treatment regimens in countries where PCR and MAT are not available.
Leptospirosis is one of the most common zoonoses in the presented with pulmonary complications, including hemoptysis; õ10% developed hepatic compromise. In a recent outbreak world. The causative agent is the gram-negative spirochete Leptospira; ú200 species have been described [1] . The clinical in Nicaragua in 1995, ú2000 patients developed an acute febrile illness and 40 died of pulmonary hemorrhage [5] . Lepmanifestations are varied. Leptospirosis usually presents as a mild illness with fever, myalgia, and headaches but can protospirosis was not initially suspected, because pulmonary complications had been rare [4, 6] and there was no evidence gress to Weil's syndrome, a severe, debilitating infection with liver dysfunction, acute renal failure, and microvascular hemorof significant renal or hepatic involvement. It is possible that rhage. The mortality rate from untreated Weil's syndrome is different presentations of leptospirosis may impact the inci-5% -30% [2] . In countries where leptospira are endemic, the dence and progression of other complications of this infection presentation of this disease is often confused with malaria, (e.g., ocular disease). tuberculosis, viral hepatitis, typhoid, and other parasitic and Subconjunctival hemorrhage is the most common ocular bacterial infections. Indeed, only 30% of leptospirosis patients complication of leptospirosis, occurring in up to 92% of paare correctly diagnosed [3] .
tients [7, 8] . Uveitis, which was first described in 1886 by Weil The spectrum of human disease caused by Leptospira species [9] , occurs in 2% -10% of patients and has been described as is wide. In the Andaman Islands prior to 1931, the majority self-limiting [2] . Uveitis can develop early or late in disease of leptospirosis patients presented with Weil's syndrome [4] . and has been reported up to 1 year after the initial illness [2, However, during outbreaks in 1993 and 1995, most patients 7, 10, 11]. The full spectrum of human ocular disease related to leptospirosis is unknown, due to a low suspicion of ocular involvement and lack of specific diagnostic tests. In 1994, an increase in the number of individuals with uveitis Received 17 July 1997; revised 16 December 1997. was noted at Aravind Eye Hospital, Madurai, India, after an lar findings, which could be used in a clinical diagnostic algoIndividuals who earned Rs õ2000/month were considered to rithm in countries where these tests are not readily available.
be of low socioeconomic status (SES).
Collection and handling of specimens. About 100-200 mL of aqueous humor was collected from one affected eye of each uveitis Methods patient and each uveitis control by anterior chamber paracentesis. Aqueous humor was obtained from cataract controls during surStudy population and case definitions. This study was conducted at Aravind Eye Hospital in 1995. Aravind is a major referral gery. Blood (10 mL) was obtained for serologic testing. All specimens were stored at 070ЊC until further processing. hospital for the district of Tamil Nadu, which has a population of Ç100 million. About 1600 patients are seen each day, resulting Serologic and hematologic testing. MAT was performed at the World Health Organization Reference Laboratory, Brisbane, in an annual census of Ç600,000.
Patients 18-65 years old from Tamil Nadu who consented were Australia. Briefly, a library of 20 known reference serovars was used, representing known pathogenic serovars. Each serum sample consecutively enrolled. Uveitis cases (henceforth referred to as uveitis patients) were defined as patients with four ocular findings was tested at a 1:50 dilution against pools of serovars. Reactive sera were then subjected to serial 2-fold dilutions and reacted suggestive of leptospiral uveitis and included panuveitis, anterior chamber cells, flare, and vasculitis. These four findings were used against each serovar to determine the end-point titer. An ELISA was also performed to determine the presence of IgM antibodies to identify a uveitis patient because they had previously been found among individuals thought by Rathinam et al. [12] to have leptospias previously described [13] . All sera were tested for syphilis by VDRL test. Widal tests were ral uveitis. Two age-matched control groups were established. A 5-year age range was used for matching: 10-14 years, 15-19, performed on all uveitis patients and controls to detect agglutinating antibodies to O and H antigens of Salmonella typhi. Thick 20-24, 25-29, 30-34, etc.
Uveitis controls were defined as individuals with active uveitis smears on whole blood were prepared to rule out malaria. All VDRL, Widal, and malaria tests were performed and recorded by with ocular presentations or known diagnoses distinct from the uveitis patients or both (table 1), although these controls could the Microbiology Laboratory of Aravind in a blinded fashion. Amplification of leptospiral DNA. Aqueous humor (50 mL) have one, two, or three of the four ocular findings used to define a uveitis patient. Cataract controls were defined as individuals was added to 25 mL of a solution of 50 mM Tris-Cl (ph 8.3), 1 mg/mL proteinase K, 0.45% Nonidet P-40, and 0.45% Tween 20. without uveitis who presented for cataract surgery.
In addition, histories of leptospirosis (table 2) occurring during All samples were handled in a blinded fashion. After incubation at 55ЊC for 2 h, the sample was incubated at 100ЊC for 10 min the flood of 1993 or within 18 months of the event were obtained for each uveitis patient and each uveitis and cataract control, and an and centrifuged at 14,000 g for 5 min; the supernatant was transferred to a DNase-free tube. DNA was amplified as previously MAT titer §1:100 was considered indicative of infection. Medical histories also included headache, myalgia, rash, chest pain, dry described [14] , except that primers specific for Leptospira were used. In brief, 5 mL of the supernatant was used in a 100-mL cough, hemoptysis, upper quadrant abdominal pain, nausea, vomiting, diarrhea, constipation, and febrile illness in the family. Physireaction volume. The Leptospira primer pair was GF1 5-CTG- 
* All known infectious and testable diseases were ruled out. [15] . The PCR thermocywas 33 years; most were from rural areas with low SES, and cling profile and PCR product verification were performed as many had occupations that involved animal contact.
previously described [14] .
Although an attempt was made to match, by sex, uveitis
Nested PCR was performed if a DNA band of the appropriate patients with uveitis controls through consecutive enrollment, size was not visualized. Thus, nested PCR was performed on all we had a disproportionate number of male uveitis patients by samples that were negative by the first PCR. The first PCR product the end of the study. It has been well documented that there is (3 mL) was used to amplify a 174-bp region internal to GF1 and a higher prevalence of leptospirosis among male than female GB2 using oligonucleotides LepF1 5-CGAAATAAAATAACGpersons in endemic regions [11] , which may explain this finding.
CATGATACCAA (bp 54-79) and LepB1 5-AAAGTAAACSystemic findings. The most common symptoms described GGCGCGAAC (bp 194-211). The PCR reaction volume and therfor leptospirosis are fever, myalgias, headache, and rash. Almocycling profile were as stated above. PCR results were verified by duplication of the amplification though nonspecific, these findings were compared among uvereactions as described above, using the original sample with both itis patients and among uveitis and cataract controls (table 2) .
primer pairs. There were no discrepant results.
The distribution of symptoms was similar for both uveitis patients who were seropositive by MAT, 13 (54%) were also for leptospiral antibodies by MAT or ELISA (or both). Of the IgM-positive. Two (25%) of 8 MAT-positive uveitis controls PCR-positive uveitis and cataract controls, only 1 of the catawere IgM-positive, as were 3 (43%) of 7 MAT-positive cataract ract controls was seroreactive, with an MAT titer of 1:50. Only controls.
9 (19%) of 48 PCR-negative uveitis controls and 9 (18%) of Results of PCR for leptospiral DNA. Leptospiral DNA was 50 PCR-negative cataract controls had positive serology. detected in the aqueous humor of 37 uveitis patients (80%)
None of the individuals with prior evidence of leptospirosis compared with 1 uveitis control (2%; P õ .001) and 4 cataract in either control group were positive by PCR except for 1 controls (7%; P õ .001; table 5). Of 37 PCR-positive uveitis patient in the cataract group. For controls without prior leppatients, 24 (65%) were also seropositive for leptospiral antitospirosis, 1 (3%) of 39 uveitis controls and 3 (6%) of 48 bodies by MAT or ELISA. Of the 9 uveitis patients who did cataract controls were PCR-positive. All 22 uveitis patients not demonstrate leptospiral DNA by PCR, 6 were seropositive with prior leptospirosis were PCR-positive. However, 13 (54%) of 24 uveitis patients without evidence for prior leptospirosis were also PCR-positive. The high rate of PCR positivity among individuals with no prior evidence for leptospirosis may be posterior segment findings, significant differences by multivari- ate analysis were vasculitis, vitreous opacities, and papillitis.
caused by leptospira. Indeed, it remains unknown whether leptospiral uveitis correlates with serum antibody titers. The natu- Figure 1 demonstrates the typical findings of vasculitis among uveitis patients in this study.
ral course of systemic titers varies; titers can remain elevated for up to 2 years with levels as high as 1:16,400 in acute and We also compared the ocular profiles of all PCR-positive individuals with those of all PCR-negative individuals (regardchronic disease [20] or decline within months following the acute infection [21] . Many of these 13 uveitis patients develless of whether they were in the uveitis patient, uveitis control, or cataract control group) and found results similar to those in oped uveitis up to 18 months after initial illness, which could explain the low or absent titers. Furthermore, although Tamil  table 6 ; the same findings that were statistically significant remained so. The ocular profile for MAT/ELISA-positive and Nadu is an area with endemic leptospira, not all persons who are exposed will seroconvert. This is supported by a study of -negative individuals (again, regardless of group) were also compared. The trends for statistical significance remained the 69 meat inspectors, of whom 12% who were diagnosed by culture remained seronegative 2 years after the acute infection same, except that vitreous opacities were no longer significant. Comparing the ocular profile for all PCR-and MAT/ELISA- [21] . Alternatively, not all individuals with titers to leptospira would be expected to develop uveitis. In our study, 13 (24%) positive persons with all PCR-and MAT/ELISA-negative persons resulted in the exact same findings as in table 6 .
of the cataract controls were seropositive and had no evidence for uveitis. Many of these people were seen months after their The causes of uveitis among the controls are shown in table 1. All 27 individuals with idiopathic uveitis were negative by acute febrile episode and so presumably had sufficient time to progress to ocular disease. serology for Leptospira organisms.
PCR provided additional data to determine which individuals might have leptospiral uveitis. We found a statistically signifiDiscussion cant correlation between PCR results and uveitis patients compared with controls. Thirty-seven uveitis patients (80%) were In 1994, we found evidence to suggest that uveitis may occur in epidemic form following outbreaks of leptospirosis in South positive compared with 1 uveitis control (2%) and 4 cataract controls (7%). It has been hypothesized that the organism may India [12] . Previously, specific diagnostic techniques were not available to conclusively link this systemic infection with ocurelease toxins or enzymes that directly induce a pathogenic reaction. Evidence that a toxin is involved is supported by lar disease. Culture is known to have a low sensitivity. MAT, which detects serum antibodies to common leptospiral antigens, subcellular damage that occurs in hepatocytes and renal epithelial cells [7] and the fact that many persons with leptospirosis is also limited in sensitivity and specificity [15] . PCR, however, has become the most effective test for diagnosing leptospirosis have an endotoxin-like shock syndrome [22] . Austoni et al. [23] has proposed that uveitis occurs be- [16, 17] . This technique has recently been used to detect leptospiral DNA in the aqueous humor of 4 individuals with acute cause antibodies are slow to migrate into the anterior chamber but are rapidly cleared, allowing the organism to flourish. anterior uveitis [18, 19] . We used this technique along with MAT to show that Leptospira are associated with a high numIn our study, 5 controls were PCR-positive yet did not develop uveitis. Thus, the presence of the organism or spirober of patients with uveitis among a population residing in a leptospira-endemic region of South India.
chetal load in the anterior chamber may not be sufficient to induce an inflammatory response. Alternatively, these 5 Thirteen (28%) of PCR-positive uveitis patients did not demonstrate antileptospiral antibodies. Positive serology alone, controls may represent false-positive results for the assay. Indeed, one PCR-positive uveitis control carried a diagnosis then, may not provide definitive evidence that uveitis was of tuberculous uveitis. The clinical picture was quite distinct from those described for the uveitis patients, and it is doubtful that the individual had 2 separate ocular infectious diseases. However, long-term follow-up of these controls would be required to address this issue.
Nine of the uveitis patients were PCR-negative. Two of the PCR-negative uveitis patients had posterior uveitis, which may explain a negative PCR result for the aqueous humor. This may be due to either insufficient assay sensitivity or absence of leptospira. Alternatively, immunologic mechanisms without active infection could be responsible for the remaining 7 uveitis patients who were PCR-negative. Although we did not assay for leptospiral antibodies in the aqueous humor, anterior chamber antibodies may occur coincident with systemic antibodies and have been described in humans with leptospiral uveitis [24, 25] . Parma et al. [26] of uveitis patients in this study who had demonstrable leptospi-ral DNA. Our data suggest that leptospira may directly induce a future research on the molecular epidemiology and immunopathogenesis of leptospira-induced uveitis. pathogenic response in the eye during active uveitis. However, further studies are required to definitively determine the pathogenic mechanism of disease.
